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ABSTRACT OF THE DISCLOSURE 

Methods for hydrolyzing trifunctional organic silanes 
such as methyltrialkoxysilane, phenyltrialkoxysilane, or 
mixtures thereof at neutral conditions using a zirconium 
containing hydrolysis catalyst such as a zirconium chelate 
or a zirconium alkoxide including di-isopropoxyzirconium 
diacetylacetonate and zirconium isopropoxide. The re 
sultant heat curable, solvent-soluble prepolymer is used 
to prepare excellent laminates, moldings, and hard, clear, 
?exible coatings. 

CROSS REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part of copend 
ing application Ser. No. 652,724 ?led July 12, 1967 now 
abandoned and assigned to the same assignee as the 
present invention. 

THE INVENTION 

The present invention relates to methods of hydrolyz 
ing alkyl or aryl trialkoxysilanes as neutral conditions 
to provide organic solvent-soluble, further curable organo 
polysiloxane prepolymers and thermoset organopoly 
siloxanes prepared therefrom. 

In the past, it has been dif?cult to hydrolyze and con 
dense reproducibly organic trifunctional silanes such as 
methyltrialkoxysilanes by an acid-catalyzed hydrolysis. 
The amount of acid catalyst such as hydrochloric acid 
used must be carefully controlled and a slight deviation 
from an exact prescribed amount as a result of an inad 
verent mistake or error can cause a large variation in the 
polymer produced thereby. The reactions of hydrolysis 
and condensation are quite fast and sensitive and they 
generally cannot be easily controlled. 

Accordingly, it is an object of the present invention to 
provide reproducible and economical methods of con 
trollably hydrolyzing organic trifunctional silane mono 
mers such as methyltrialkoxysilane and phenyltrialkoxy 
silane employing neutral conditions and a zirconium che 
late or zirconium alkoxide hydrolysis catalyst such as di 
isopropoxyzirconiumdiacetylacetonate or zirconium iso 
propoxide. 

It is an object of the present invention to provide a 
method of controlling the hydrolysis of an alkyl or aryl 
trialkoxysilane by employing substantially neutral con 
ditions and a zirconium chelate hydrolysis catalyst. 

It is an object of the present invention to provide a 
method of hydrolyzing an organic trialkoxysilane mono 
mer such as methyltrialkoxysilane and preparing a sol 
vent~soluble further curable organopolysiloxane prepoly 
mer therefrom, the method including: 

(A) Heating a mixture of (1) an organic trialkoxy 
silane; (2) an effective amount of a zirconium-containing 
hydrolysis catalyst comprising a zirconium chelate or 
zirronium alkoxide; and (3) at least about 1.5 moles of 
water for every mole of silane at a temperature of about 
25° to 160° C. for about 1 to 20 hours to form an or 
ganopolysiloxane prepolymer; and 

nite States ‘Patent 0 F" 

10 

25 

45 

55 

60 

70 

3,474,069 
Patented Oct. 21, 1969 1C6 

2 
(B) Separating the prepolymer product of Step A from 

the reaction mixture to obtain a solvent-soluble further 
curable organopolysiloxane. 

It is an object of the present invention to provide a 
method of hydrolyzing an organic tIialkoxysilane mono 
mer and ultimately preparing a thermoset organopoly 
siloxane from the hydrolyzed prepolymer product, the 
method including: 

(A) Heating a mixture of (1) a silane such as methyl 
trialkoxysilane, phenyltrialkoxysilane and mixtures there 
of; (2) a zirconium chelate or zirconium alkoxide hy 
drolysis catalyst such as di-isopropoxyzirconiumdiacetyl— 
acetonate in an amount equivalent to about 10 to 200 
parts by weight of zirconium per million parts of silane 
and water; and (3) at least about 1.5 moles of water per 
mole of silane, at a temperature of preferably about 75 
to 85° C. for at least about one hour to form an organo 
siloxane prepolymer product having a viscosity equivalent 
to that of preferably about 30 to 65 centipoises at 60% 
solids at 25° C. in ethanol; and 

(B) Curing the product of Step A at about 90° to 
300° C. or higher for at least about one minute to pro 
vide a hard, clear, acetone-resistant thermoset organo 
polysiloxane. 

These and other objects will become apparent from 
the speci?cation that follows and the appended claims. 
The present invention provides a method of hydrolyz 

ing an organic trialkoxysilane monomer and preparing 
a solvent-soluble further curable organopolysiloxane pre 
polymer therefrom, the method comprising the steps of: 

(A) Heating a mixture of (1) a silane which is selected 
from the group consisting of methyltrialkoxysilane, 
phenyltrialkoxysilane and mixtures thereof in which the 
alkoxy group contains 1 to 6 carbon atoms; (2) an ef 
fective catalytic amount of a zirconium chelate or zir 
conium alkoxide hydrolysis catalyst; and (3) at least 
about 1.5 moles of water for every mole of silane at a 
temperature of about 25 ° to 160° C. for about 1 to 20 
hours to form an organopolysiloxane partial condensa 
tion product prepolymer having a viscosity equivalent to 
that of about 30 to 300 centipoises at 60% solids at 25° 
C. in ethanol; and 

(B) Separating the resultant prepolymer from Step A 
from the reaction mixture to obtain a solvent-soluble 
further curable organopolysiloxane. 
The present invention also provides a method of hy 

drolyzing an organic trialkoxysilane monomer as above 
described and preparing a thermoset organopolysiloxane 
from the solvent-soluble, further curable prepolymer by 
curing the prepolymer at about 90° to 300° C. or higher 
for at least one minute up to 168 hours or more to pro 
vide a hard, clear, chemical resistant, thermoset organo 
polysiloxane. 
The preferred zirconium chelate hydrolysis catalyst is 

di-isopropoxyzirconiumdiacetylacetonate. Suitable zir 
conium chelates are di(alkoxy)zirconium diacetylaceton 
ates in which the alkoxy group has from 1 to 6 carbon 
atoms and other chelates of zirconium such as (quinolin 
8-oxy) or thenoyltri?uoroacetonate. 
The preferred zirconium alkoxide catalyst is zirconium 

isopropoxide, although other zirconium alkoxides in 
which the alkoxy group has 1 to 6 carbon atoms are 
suitable. Such alkoxides include zirconium ethoxide, 
zirconium propoxides and zirconium butoxides. 

In any event, the suitable catalysts are zirconium che 
lates or alkoxides that do not precipitate out during the 
reactions. Generally, at least a trace amount of the zir 
conium chelate catalyst is necessary to obtain the con 
trollable hydrolysis and, hence an amount in the neigh 
borhood of as low as about 0.01 part per million to about 
1 or 2 parts by weight of zirconium per million parts of 
silane and ‘Water can be used to obtain bene?ts of the 
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present invention. Usually, about 10 to 200 or 250 parts 
per million of the zirconium content of the catalyst are 
used, although the preferred range is about 20 to 200 
parts per million. When the amount of catalyst becomes 
greater than about 250 parts per million based on the 
zirconium content of the catalyst, it generally is being 
used in excess of that needed which is costly. Also when 
too much is used, the catalyst may cause precipitation 
and/or enough of the zirconium atom will enter the 
polymer structure to affect adversely the properties of 
the polymer obtained. 
The zirconium chelates can be mixed and reacted with 

the silane prior to mixing with water or they can be mixed 
with the water at the same time the silane monomer is 
added. 

In the case of zirconium alkoxides, these must be 
mixed and reacted with the silane prior to reacting with 
water. If the alkoxides are mixed with water even at the 
same time the silane monomer is added, there is an un 
desirable reaction of the alkoxide with water and there 
is little or no alkoxide material to catalyze the hydrolysis. 
The zirconium chelates useful in the present invention 

are compounds composed of a chelate (chelate-forming) 
structure which contains at least two donor groups so 
located with respect to one another that they are capable 
of forming a chelate ring (normally of ?ve or six atoms) 
with a zirconium atom. The donor groups are well known 
and recognized by those skilled in the art of chelate 
chemistry. See, for example, the following literature 
references concerning chelate chemistry and lists of 
principal donor groups: “The Chelate Rings,” by H. 
Diehl, “Chemical Reviews,” 21, 39-111 (1937); and 
“Chemistry of the Metal Chelate Compounds,” by Mar 
tell and Calvin, published in 1952 by Prentice-Hall, Inc., 
New York, N.Y. (1952). It might here also be mentioned 
that, in chelate-chemistry language, organic compounds 
containing the aforementioned chelating structures are 
often designated as “ligands”; and organic compounds 
having at least two ligand functions (i.e., at least two 
chelating structures) are often termed “polyligands.” The 
aforementioned donor groups, and hence the chelate 
forming structures or ligands therefrom, contain many 
different donor atoms among which may be mentioned by 
way of example oxygen, sulfur and itrogen atoms. Opti 
mum results in practicing the present invention have been 
obtained When the donor atom is an oxygen atom. 
The zirconium atom in the zirconium chelate is tetra 

valent. Thus, the chelates may be of two types: 
(chelate)2ZrO and Zr(chelate)4. 
A preferred chelating agent is a ketone according to 

the following general formula: 

Illustrative examples of divalent radicals having from 
1 to 3 carbon atoms, inclusive, that are represented by 
R in the above formula are divalent aliphatic hydro 
carbon radicals having from 1 to 3 carbon atoms, e.g., 
alkylenes such as methylene, ethylene, propylene and 
isopropylene; and alkenylenes such as ethenylene, pro 
penylene and isopropenylene. 
When R’, R" and R are aliphatic radicals, the zir 

conium chelates are of the type Zr(chelate)4. However, 
when R’ or R” is an aromatic radical, tetra chelates are 
not usually formed and the zirconium chelates are zir 
conyl di-chelates, i.e., (chelate)2ZrO. Apparently steric 
hindrance prevents the formation of four bulky groups 
around a single zirconium atom, e.g., benzoylacetonate 
and dibenzoylmethane form bis-,B-diketonates rather than 
tetrachelates. 
As to R’ and R” in the formula, examples of these 

radicals are monovalent hydrocarbon, halohydrocarbon, 
oxyhydrocarbon and thiohydrocarbon radicals contain 
ing from 1 to 12 carbon atoms, inclusive. More speci?c 
examples of such radicals are aliphatic (including cyclo 
aliphatic), aromatic-substituted aliphatic, aromatic, and 
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4 
aliphatic-substituted aromatic hydrocarbon radicals hav 
ing from 1 through 12 carbon atoms such as alkyl, e.g., 
methyl, ethyl and propyl through dodecyl (both normal 
and isomeric forms), cyclopentyl, cyclohexyl, cycloheptyl. 
etc.; alkenyl, e.g., vinyl, ethenyl, propenyl and other 
alkenyl radicals corresponding to the aforementioned 
alkyl radicals; aralkyl, e.g., benzyl, phenylethyl, phenyl 
propyl, etc.; aryl, e.g., phenyl, bip-henylyl, naphthyl, etc.; 
alkaryl, e.g., tolyl, xylyl, diethylphenyl, dipropylphenyl, 
butylphenyl, etc.; the corresponding chlorinated, bromi 
nated and ?orinated derivatives (mono- through perhalo 
genated in the linear chain and/or in the aromatic 
nucleus); and the corresponding oxy and thio derivatives 
wherein one or more oxygen and/or sulfur. atoms are 
positioned between carbon atoms in a linear chain and/or 
an aromatic ring. For instance, R’ and/or R" in the above 
formula may be alkoxyalkyl (e.g., methoxymethyl, 
-ethyl, -propyl, -butyl, -pentyl and -hexyl) or the cor 
responding thio derivatives; the methoxy- through 
pentoxyphenyls or the corresponding thio derivatives; or 
heterocyclic compounds containing one or more oxygen 
or sulfur atoms in the ring, e.g., thienyl, furyl and the 
like. 
When the chelating agent employed is a ketone as em 

braced in the above formula, in certain cases one may 
use advantageously ketones boiling below 300° C. at 
760 mm. pressure. 
The chelating agents employed in the praparation of 

the zirconium acylacetonates and other zirconium chelates 
are those which are most readily available at minimum 
cost. Examples of classes of such chelating agents are the 
1,3-diketones of which the diketones embraced by the 
above formula are a preferred subclass, the ,B-ketoesters 
and the aromatic o-hydroxyaldehydes and esters. More 
speci?c examples of such chelating agents including those 
of the above-described formula are acetylactone (2,4 
pentanedione), benzoylacetone (1,phenyl-1,3-butanedi 
one), dibenzoylmethane ( 1 ,3,diphenylpropanedione ) , 
2-thenoylacetone, 2-furoylacetone, thenoyltri?uoroace 
tone, trifluoroacetylacetone, propionylacetone, butyryl 
acetone, 3-methyl-2,4-pentanedione, and 3-ethyl-2, 4-pen 
tanedione. 

In addition, ?-ketoesters such as ethylacetoacetate, 
methylacetoacetate and propylacetoacetate are suitable 
as zirconium chelate hydrolysis catalysts in the present 
invention. 
A suitable zirconium chelate of a ?-ketoester is zir 

conium tetra-ethylacetoacetate. A suitable zirconium di 
alkoxy di-chelate is zirconium di-isopropoxide di-ethyl 
acetoacetate. A suitable a-hydroxy-carboxylate zirconium 
chelate is zirconium tetrasalicylate. 

Suitable zirconium alkoxides with 8 to 10 carbon atoms 
in the alkoxide radical are zirconium tetraoctyloxide and 
zirconium tetradecyloxide. 

Suitable trifunctional silane starting materials to pro 
vide the procured, further curable polymers and the cured 
or thermoset polymers are methyltrialkoxysilanes or mix 
tures of methyltrialkoxysilanes and phenyltrialkoxysilanes 
in which the alkoxy group has 1 to 6 carbon atoms and 
preferably 2 to 3 carbon atoms. 

Highly preferred trifunctional materials are methyltri 
alkoxysilane or a mixture thereof with phenyltrialkoxy 
silane in which the alkoxy group is preferably ethoxy. 
It is preferred that the molar ratio of methyltrialkoxy 
silanes to phenyltrialkoxysilanes in a mixture of the two 
is about 2:1 for general molding and coating applica 
tions although generally good results can be obtained 
using a ratio of about 1.5:1 to 25:1. A polymer for 
laminates in particular and also coatings, and even ?ex 
ible coatings, can be made with molar ratios of prefer 
ably about 1:1.0 to 1:6.0 and more preferably about 1:4. 
For ?exible coating applications, the liquid prepoly 

mers can be dissolved in a solvent, cast and cured in 
place to provide outstanding coatings. However, for other 
applications, particularly laminating, it is preferred that 
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the prepolymers be further condensed by heating prior 
to use. 

In general, prepolymers to be condensed and thereafter 
spray dried or dried in a wiped ?lm evaporator or other 
wise converted to solvent-soluble liquids or solids that 
are free from gel, and in the case of solids, that are 
tack free at room temperature are prepared by: 

(I) Heating at a pH of 7 a mixture of (A) a silane 
that is methyltrialkoxysilane, phenyltn'alkoxysilane, or 
mixtures of methyltrialkoxysilane and phenyltrialkoxy 
silane in which the alkoxy radical contains from 1 to 
6 carbon atoms and preferably 2 to 3 carbon atoms; and 
(B) at least a trace of a zirconium chelate or alkoxide 
hydrolysis catalyst and at least about 1.5 moles of water 
for every mole of total silane present, at a temperature 
preferably of about 65° to 85° C. for a period of time 
from about 1 to about 10 hours; and 

(II) Concentrating the liquid siloxane partial conden 
sation product from Step I to remove some but not all 
volatile material including alkanol by-product and some 
water and to obtain a liquid residue having a viscosity 
equivalent to that of preferably about 30 to 65 centi 
poises at 60% solids at 25 ° C. in ethanol. 

Thereafter, the prepolymer product of Step II is pre 
cured at a temperature of from about slightly below, say 
5° C., to as much as about 50° C. below the gel point 
of the resin for a period of time of from about 10 sec 
onds to about 60 minutes, the 60 minutes requiring the 
lower temperatures. As previously indicated, the precur 
ing can be accomplished in an economical and quite re 
producible manner in a wiped ?lm evaporator by form 
ing a liquid ?lm of the prepolymer product of Step II 
and heating the same at about 90° to 180° C. 
As used here, the gel point is that temperature at which 

a 50 gram sample of prepolymer gels when placed in 
a 100 ml. beaker and stirred on a 600° F. (approxi~ 
mately 315° C.) hot plate. 
The mixture of methyl and phenyl precured polymers 

is preferably made by: 
(I) Heatinng a mixture of (A) from about 1 to about 

2 moles of methyltriethoxysilane and from about 6 to 
about 1 mole of phenyltriethoxysilane; (B) from about 
1.5 to about 3 or 4 moles of water for every mole of 
total silane present, there being at least a trace of and 
preferably at least about 20 parts by weight of zirconium 
in the form of a zirconium chelate or alkoxide catalyst 
present in the reaction mixture per million parts of water 
and silane, at a temperature of about 80° C. for a period 
of time of from about 2 to about 6 hours; and there 
after, the mixture is further processed by 

(11) Concentrating the liquid siloxane partial conden~ 
sation product from Step I by distilling at the reaction 
temperature until approximately 60—70% of the theo 
retical yield of ethanol is removed, thereby to remove 
some but not all volatile material including alkanol by 
product and some water and to obtain a liquid residue 
that in the case of a methylsilane/phenylsilane ratio of 
about 2.5:1 to 1521 has a viscosity of about 30 to 60 
or 65 centipoises at 60% solids and 25 ° C. in ethanol 
or in the case of a methyl-phenyl ratio of about 1:35 
to 1:4.5 has a viscosity of about 150 to 310, centipoises; 
and 

(III) Precuring or further condensing the prepolymer 
product of Step II preferably by forming a thin ?lm 
thereof by heating the ?lm to a temperature of about 
140° to 190° C. which is a temperature of from about 
slightly below the gel point to about 30° C. below the 
gel point of the resin and holding this temperature for 
a period of time of from about 5 to 10 up to about 120 
seconds. 

Step III above can ‘be accomplished by a heating of 
the liquid ?lm of a prepolymer having a predetermined 
gel point of about 175° to 210° C. at about 170° to 
about 190° or 195°. 
The precured polymer from the methyltrialkoxysilane 
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6 
is generally prepared by a method that includes the steps 
of 

(I) Heating at a pH of 7 a mixture of (A) a methyl 
trialkoxysilane wherein the alkoxy radical contains less 
than 4 carbon atoms and from O to 5 mole percent, based 
on total silane reaction material, of at least one com 
pound represented by the general formula 

wherein R is the alkoxy radical -—OR represents an 
alkyl radical having less than 4 carbon atoms such as 
methyl, ethyl and isopropyl, and each T independently 
represents an aryl, alkyl or alkenyl radical, each of which 
contains less than 7 carbon atoms, or the aforementioned 
alkoxy radical, -OR; and (B) from 1.5 to about 10 
moles and preferably from 2 to about 4 moles of water 
per mole of total silane and water reactant material, 
said mixture containing by weight from about 10 to 200 
parts of zirconium in the form of a zirconium chelate or 
alkoxide hydrolysis catalyst, per million parts of total 
silane and water, the heating of the said mixture to form 
a liquid siloxane partial condensation product being con 
tinued for about 1 to 10 hours at temperatures of at 
least 50° C. while retaining in said mixture at least 
1.5 moles of alkanol by-product per mole of silane start 
ing material assuming complete hydrolysis of all alkoxy 
silicon linkages in the liquid reaction mixture; 

(11) Concentrating the liquid siloxane partial conden 
sation product from Step I by gradually raising its tem 
perature above its initial reaction temperature to a maxi 
mum temperature Within the range of from about 65° 
to 300° C. and preferably about 80° to 90° thereby to 
remove some but not all volatile material including 
alkanol by-product and some water and to obtain a liquid 
residue having a viscosity equivalent to that of about 
15 to 35 centipoises at 50% solids at 25° C. in ethanol 
(which is about 21 to 41 centipoises at 60% solids at 
25 ° C. in ethanol); and 

(III) Precuring the concentrated liquid siloxane partial 
condensation prepolymer product from Step II by heat 
ing the product preferably in the form of a liquid ?lm 
at a temperature of about 140° to 180° C., which is gen 
erally slightly below its gelation point to remove the re 
mainder of the volatile material and to obtain, without 
gelation, a more highly condensed, organic solvent 
soluble, siloxane partial condensation precured polymer 
product that is capable of being ?nally cured to a solid 
organopolysiloxane resin. The precured resin, as previ 
ously indicated, when solid, is also tack-free at room 
temperature and is substantially free from gel. When 
the precured polymer is liquid, the prepolymer is gen 
erally heated from about 85° or 90° C. to about 180° C., 
preferably in the form of a thin ?lm. The precured prod 
uct is also free from gel and capable of forming con 
sistently good ?exible coatings. 

In preparing a general purpose precured polymer from 
a mixture of methyl- and phenyltrialkoxysilanes, the 
liquid ?lm is preferably one with an additional heat his 
tory having a viscosity equivalent to that of about 50 to 
65 centipoises and optimally, 55 to 60 centipoises, at 
60% solids at 25° C. in ethanol, and the heating of 
the ?lm is preferably conducted at about 160° to 180° C. 
and optimally, about 165° to 175° C. 

Unless otherwise noted, the viscosity in centipoises 
used herein is that measured with an RVF Brook?eld vis 
cometer in accordance with ASTM 2196—63T, “Rheo 
logical Properties of Non-Newtonian Liquids.” 
The following examples are intended to illustrate the 

present invention and not to limit the same in any way. 

EXAMPLE 1 

An organopolysiloxane prepolymer was prepared from 
methyltriethoxysilane and phenyltriethoxysilane mono 
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mers, each of which were puri?ed by distillation from 
aqueous saturated sodium carbonate solution to about 
zero parts by weight of HCl per million parts of silane 
(i.e., no acid) to provide substantially neutral conditions. 
The above-described mixture of methyl and phenyltri 
ethoxysilane monomers was hydrolyzed with water and 
a zirconium chelate hydrolysis catalyst and condensed 
according to the formulation set forth below: 

Ingredients Grams Moles 

Methyltriethoxysilane ________________________ __ 71. 2 0. 4 
Phenyltriethoxysilane ________________________ __ 48. 0 0.2 
Water _ _ _ _ 24. 3 1. 35 

Di-isopropoxyzirconiumdiacetylaeetonate _____ __ 0. 2 (1) 

1 About 200 parts Zr per million parts of silane plus water. 

The zirconium chelate was prepared by the addition 
of two equivalents of acetylacetone to one equivalent of 
zirconium isopropoxide. 
The above-identi?ed reaction mixture was heated with 

agitation in a ?ask equipped with a condenser until the 
pot temperature reached 80° C. The reaction mixture 
became clear after one hour and was then re?uxed for 
a-total of four hours to obtain an organopolysiloxane 
partial condensation product prepolymer. After the re 
?ux period, water plus ethanol was distilled from the re 
action mixture until the temperature reached 90° C. 

- A precured, further curable polymer having a viscosity 
equivalent to that of about 60 centipoises at 60% solids 
at 25 ° C. in ethanol was obtained with a gel tempera 
ture of 198° C. The precured, further curable polymer 
was mixed with enough n-butanol to provide a 40% by 
weight solids solution. 

Coatings on aluminum were prepared by dipping metal 
panels in this solution. The coatings on aluminum were 
heat cured at 220° C. for 7 minutes and excellent hard, 
clear coatings approximately 0.5 mil thick were obtained. 
The coatings survived 10-20% impact elongation tests. 
An organopolysiloxane prepared from the same mono 

mers but with an acid catalyst (10 p.p.m. HCl by weight) 
was tested for comparison. Coatings on aluminum sur 
vived 10~20% impact elongation tests. 
The above-mentioned impact elongation tests to deter 

mine the impact ?exibility of the coatings were made 
with a GE. impact ?exibility tester. This instrument gen 
erally determines the relative ?exibility of a paint, var 
nish or enamel ?lm expressed as percentage elongation, 
in a range of 0.5 to 60% as based on the impact of a. 
solid metal cylinder dropped through a guide track from 
a height of 4 feet onto the reverse side of a coated test 
panel. The end of the cylindrical impactor is studded with 
a group of spherical knobs varying in size and calibrated 
in term of percent ?exibility, based on the elongation or 
draw they can produce in a metal panel. A reading is 
made by observing the last indentation in ascending 
order to show no cracking of the coating. 

EXAMPLE 2 

An organopolysiloxane was made from the following 
formulation: 

Ingredients Grams Moles 

Methyltriethoxysilane ________________________ .. 178 l. 0 
Water- _ _____________________________________ ._ 40. 5 2. 25 
Di-isopropoxyzireoniumdiacetylacetonate _____ __ 0.2 (1) 

1 200 p.p.m. zirconium. 

The di-isopropoxyzirconiumdiacetylacetonate was pre 
pared by the addition of two equivalents of acetylace 
tone to one equivalent of zirconium tetra-isopropoxide. 
A precured polymer was prepared as described in EX 

ample 1. Coatings were prepared on aluminum and cop— 
per which were hard and clear and which survived 10 
20% impact elongation tests, respectively. 
These were equivalent to coatings prepared from an 

organopolysiloxane from the same monomer using an 
acid catalyst (5 p.p.m. HCl by weight). 
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8 
EXAMPLE 3 

An organopolysiloxane was prepared according to the 
following formulation: 

Ingredients Grams Moles 

Phenyltriethoxysilane___ 24. 0 ‘i. 0 
Methyltriethoxysilane _ _ _ 44. 6 l). 25 
Water _______________ _. 90. 0 0 
Zirconium isopropoxide____ 0. 1 i1) 

1 Equivalent to 75 p.p.m. Zr. 

The zirconium isopropoxide was dissolved in the mix 
ture of alkoxysilanes with stirring and heating to about 
60°. The water was then added and the mixture heated 
to 90°; re?uxing started at this temperature after 
two hours and the mixture became one clear phase 
after another two hours. Re?uxing was continued for a 
further 16 hours at which time the solution temperature 
was 81°. A total of 240 ml. of water and ethanol was 
then distilled from the reaction mixture, the temperature 
rising to 100°. 

This liquid prepolymer was further heated in an open 
beaker to 170° and the resulting thick viscous further 
condensed polymer was then diluted with xylene until 
a solution with a viscosity of 12 cps. at 25° was obtained. 

Style 181 heat cleaned neutral pH E-glass cloth was 
dipped in the solution and air dried for two hours. The 
cloth was then cut into squares 7" x 7"; these were 
stacked to give 14 plies and the stacks placed in a press 
heated to 400° F. Slight pressure was applied until the 
resin gelled (20 minutes) and then 500 p.s.i. applied for 
30 minutes. The press was cooled to 200° F. and the 
laminate removed. A post-cure of two hours at each of 
the following temperatures, 110° C., 150° C., 180° C., 
205° C. and 230° C., and ?nally 12 hours at 250° C. 
was given. The resin content of this laminate was 19.8% 
by weight, the ?exural strength measured at room tem 
perature was 34,400 p.s.i. an dat 300° C. was 24,700 
p.s.i. The tangent modulus at room temperature was 3.13 
X10s p.s.i. and at 300° C. was 2.98X 106 p.s.i. 
The hydrolysis and condensation reaction of Example 

1 were attempted by using water alone (no catalyst) and 
also by using water ‘plus acetylacetonate. The reaction 
mixtures did not form clear solutions over a period of 
six hours at 85° C. and hence the reactions were unde 
sirable without the zirconium chelate or alkoxide cata 
lysts. 

EXAMPLE 4 

Zirconium tetraoctyl oxide was prepared by the addi 
tion of a slight excess of n-octyl alcohol to zirconium iso 
propoxide followed by removal of isopropanol by distil 
lation according to the following equation: 

Zirconium tetraethylacetoacetate was prepared by the 
addition of a slight excess of ethylacetoacetate to zirconi 
um isopropoxide followed by removal of isopropanol by 
distillation according to the following equation: 

Zr(OC3H1) + 4CHaCOCH2COOC2H5 ——> 

OOzHs 4 

Zirconium di - isopropoxide di - ethylacetoacetate was 
prepared by the addition of two equivalents of ethylace 
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toacetate to one equivalent of zirconium isopropoxide 
followed by the removal of isopropanol by distillation 

ZI(OC3H7)4 + ZCHaCOCHzCOOCzHs '———) 
CH: 

OCzHs 2 

Zirconium tetrasalicylate was prepared by the addi 
tion of a slight excess of salicylic acid to zirconium iso 
propoxide followed by removal of isopropanol by dis 
tillation according to the following equation: 

EXAMPLE 5 

Organopolysiloxanes were prepared according to the 
formulation and method set forth in Example 3 using 1 
mol of phenyltriethoxysilane, 0.25 mole of methyltrieth 
oxysilane and 5 moles of water. The zirconium-contain 
ing catalysts prepared in Example 4 were each used in 
an amount equivalent to 50 p.p.m. zirconium. Liquid 
prepolymers were prepared as described in Example 3 and 
coatings prepared therefrom which were cured by heat 
ing at 220° C. for 7 minutes. The coatings were equiva 
lent to those prepared in Examples 1 and 2. 

In the above examples, other zirconium chelates such 
as tetra(quinolin-8-oxy)zirconium or zirconium tetra 
(thenoyltri?uoroacetonate) or other alkoxides such as 
zirconium ethoxide and zirconium butoxide can be used 
as the hydrolysis catalyst to provide substantially similar 
results. 

It is to be understood that various modi?cations of the 
invention herein described may be made without depart 
ing from the spirit and scope thereof. 
What is claimed is: 
1. A method of hydrolyzing an organic trialkoxysilane 

monomer and preparing a solvent-soluble further curable 
organopolysiloxane prepolymer therefrom, the method 
comprising the steps of: 

(A) heating a mixture of 
(l) a silane which is selected from the group con 

sisting of methyltrialkoxysilane, phenyltrialkoxy 
silane and mixtures thereof in which the alkoxy 
group contains 1 to 6 carbon atoms; 

(2) an effective catalytic amount of a zirconium 
containing hydrolysis catalyst of the group con 
sisting of zirconium chelate and zirconium 
alkoxide in which the alkoxy group has 1 to 10 
carbon atoms; and 

(3) at least about 1.5 moles of water for every 
mole of silane at a temperature of about 25° to 
160° C. for about 1 to 20 hours to form an 
organopolysiloxane partial condensation product 
prepolymer having a viscosity equivalent to 
that of about 30 to 310 centipoises at 60% 
solids at 25° C. in ethanol; and 

(B) separating from the reaction mixture the resultant 
prepolymer from Step A to obtain a solvent-soluble 
further curable organopolysiloxane. 

2. A method of hydrolyzing an organic trialkoxysilane 
monomer and preparing a therrnoset organopolysiloxane 
therefrom, the method comprising the steps of: 

(A) heating a mixture of 
(1) a silane which is selected from the group con 

OH 

Zr(O C2304 + 4 
CODE 
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sisting of methyltrialkoxysilane, phenyltrialk 
oxysilane and mixtures thereof in which the 
alkoxy group contains 1 to 6 carbon atoms; 

(2) an effective catalytic amount of a zirconium 
containing hydrolysis catalyst selected from a 
member of the group consisting of a zirconium 
chelate and a zirconium alkoxide in which‘ the 
alkoxy group has 1 to 10 carbon atoms; and 

(3) at least about 1.5 moles of water for every 
mole of silane at a temperature of about 50° to 
160° C. for about 1 to 10 hours to form an 
organopolysiloxane partial condensation prod 
uct prepolymer having a viscosity equivalent to 
that of about 30 to 310 centipoises at 60% 
solids at 25° C. in ethanol; and 

(B) curing the product of Step A at about 90° to 300° 
C. for at least about one minute to provide a ther 
moset organopolysiloxane. 

3. A method as de?ned in claim 1 in which the organo 
polysiloxane of Step B is mixed with an organic solvent 
therefor to obtain a solids content of about 20 to 60% 
by weight. 

4. A method as de?ned in claim 3 in which the solu 
tion of claim 3 is applied to a surface to form a coating 
and the coating is cured at about 100 to 300° C. to form 
a hard ?exible coating. 

5. A method as de?ned in claim 1 in which the product 
of Step B is further condensed at about 90° to 200° C. to 
provide an organic solvent-soluble, further curable 
organopolysiloxane. 

6. A method as de?ned in claim 1 in which the catalyst 
is zirconium tetraoctyloxide. 

7. A method as de?ned in claim 1 in which the catalyst 
is zirconium tetraethylacetoacetate. 

8. A method as de?ned in claim 1 in which the silane 
is methyltriethoxysilane. 

9. A method as de?ned in claim 1 in which the silane 
is a mixture of methyltriethoxysilane and phenyltriethoxy 
silane. 

10. A method as de?ned in claim 1 in which the silane 
is phenyltriethoxysilane. 

11. A method as de?ned in claim 1 in which the hy 
drolysis catalyst is used in an amount of about 10 to 200 
parts by weight of zirconium per million parts by weight 
of silane and water. 

12. A method as de?ned in claim 1 in which the hy 
drolysis catalyst is used in an amount of about 20 to 100 
parts by weight of zirconium per million parts of silane 
and water. 

13. A method as de?ned in claim 1 in which the hy 
drolysis catalyst is a zirconium chelate. 

14. A method as de?ned in claim 1 in which the hy 
drolysis catalyst is a zirconium alkoxide in which the 
alkoxy group has 1 to 10 carbon atoms. 

15. A method as de?ned in claim 1 in which the cat 
alyst is zirconium isopropoxide. 

16. A method as de?ned in claim 1 in which the hy 
drolysis catalyst is di-a-lkoxyzirconiumdiacetylacetonate 
where the alkoxy radical has 1 to 4 carbon atoms. 

17. A method as de?ned in claim 1 in which the hy 
drolysis catalyst is di-isopropoxyzirconiumdiacetylaceto 
nate. 

18. A method as ,de?ned in claim 1 in which the cat 
alyst is di-ethoxyzirconiumdiacetylacetonate. 

19. A method as de?ned in claim 1 in which the hy 
drolysis catalyst is zirconium tetra(thenoyltri?uoroace 
tonate). 

20. A method as de?ned in claim 1 in which the hy 
drolysis is tetra(quinolin-S-oxy)zirconium. 

21. A method as de?ned in claim 1 in which the heat 
ing of Step A is at about 80° C. for about 4 hours. 

22. A method as de?ned in claim 2 in which the pre 
polymer of Step B is cured at about 90° C. 

23. A method as de?ned in claim 3 in which the 
organic solvent is n-butanol. 
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t 24. A method as de?ned inlclaim 3 in which the solvent DONALD E. CZAJA, Primazry Examiner 
‘5 xylene‘ 1M. I. MARQUIS, Assistant Examiner 
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